Objective: Prior studies have found a strong negative relation between smoking and body mass index (BMI). Smoking and unhealthy eating both imply a preference for utility in the present at the expense of future consumption. This analysis seeks to proxy this preference through a composite index of equally weighted intertemporal behaviors to isolate the impact of smoking upon BMI independent of time discounting. Design: Ordinary least squares regression is used to analyze BMI score based on a number of key independent variables Subjects: A total of 2970 individuals who provided data for the United States Department of Agriculture's (USDA) Continuing Survey of Food Intakes by Individuals (CSFII) 1994-1996, as well as the Diet and Health Knowledge Survey (DHKS). Results: Adding time preference to a multivariate model inflates the magnitude of the smoking effect, consistent with discounted utility theory. Conclusions: Results suggest that full effect of the non-intertemporal aspects of smoking (e.g., the substitution of cigarettes for food) on BMI scores may be underestimated in previous studies that fail to account for the mitigating influence of time preference.
Introduction
Two of the leading preventable risk factors related to disease and death in the United States are smoking and obesity. 1, 2 Both are associated with future negative health consequences, including heart disease and cancer. 2, 3 Adult obesity rates in the United States have increased by more than 50%, whereas tobacco use among adults decreased by about 44% since 1970. 4 There is strong evidence that smoking is inversely related to body mass index (BMI). 2, 5, 6 However, smokers tend to consume diets that are higher in fat and lower in nutritional quality than nonsmokers. 7 Smoking and unhealthy diet choice may reflect a preference for the present consumption. Smokers appear to exhibit a higher rate of time preference through myopic decision making in multiple domains. 8 If smokers are more present oriented, and if activities such as healthy diet and exercise require placing a greater value on future well-being, it is possible that the past estimates of the relation between smoking and BMI suffer from an omitted variable bias. This study attempts to correct this bias by including time preference through the use of a composite index of behaviors that reflect a preference for either future or present well-being.
Smoking and body mass index
There is consistent evidence of an inverse relationship between smoking and BMI. 2, 5, 6 In 79% of the 70 crosssectional and longitudinal studies, smokers are found to weigh less than nonsmokers. 2 More recent research also finds reduced body mass among smokers. [9] [10] [11] Research comparing the BMI scores of smokers, nonsmokers and exsmokers tends to find that current smokers have the lowest BMI scores. 9, 10 Although the existence of an inverse relation between smoking and BMI is well established, estimates of the magnitude of the relation vary. Recent studies have compared BMI scores of individuals based on smoking status, 9, 10 and analyzed smoking as a potential predictor of BMI. 5, 6 Prior studies suggest that smoking reduces predicted BMI by 1.45 points overall, with the reduction being less for male subjects (À1.15 points) than female subjects (À1.69 points). 5 Another study finds an even stronger effect (À1.85 points) among female subjects, and the impact of smoking on BMI for low-income females (À2.48 points) was larger in magnitude than for high-income females (À1.64 points). 6 However, research also suggests that smoking might have an adverse effect on how fat is distributed, as higher waist-tohip ratios exist among smokers, 12 and smokers tend to display greater abdominal (or central) adiposity.
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Diet quality, smoking and BMI There is substantial evidence to suggest that smokers consume diets of lower nutritional quality than nonsmokers. 7, [14] [15] [16] [17] Although smokers have the lowest BMI, they consume more saturated fat and alcohol, eat fewer vegetables and fruits than nonsmokers, 17 and consume lower amounts of vitamins, minerals and fiber. 16 In fact, smokers consume fewer servings from all major food groups except the meat group. 15 An examination of more than 50 empirical studies of diet and smoking finds that smokers have less healthy patterns of nutrient intake than nonsmokers.
14 The robustness of the conclusions are enhanced by the inclusion of studies from 15 countries outside the United States. The diets of smokers are characterized by higher intakes of energy, total fat, saturated fat, cholesterol and alcohol, and lower intakes of antioxidant vitamins and fiber.
14 Regardless of the role of smoking on dietary choice, evidence suggests that there is a relation between diet quality and BMI. [18] [19] [20] The Center for Nutrition Policy and Promotion designed the Healthy Eating Index (HEI) to quantify diet quality based on the current nutritional science and government recommendations. Those who have higher (more healthy) scores on the HEI tend to have lower BMI scores. 18, 20 Time preference in relation to diet choice, smoking choice and BMI There is evidence that healthy behaviors are correlated. 7 Similarly, those who display certain negative or healthdamaging behaviors (such as drug use, smoking or alcohol consumption) are less likely to engage in health-enhancing behaviors (such as exercise or healthy diet). 21 Behaviors involving consequences across time are influenced by the relative importance placed on intertemporal utility. Diet quality, which requires a trade off between future health and flavor/convenience in the present, is higher among those whose other intertemporal preferences indicate a willingness to value future consequences. 22 Smoking may be seen as a proxy for a high rate of temporal discounting. 8 Other research suggests that outcomes from certain observable behaviors, such as obesity, may be appropriately modeled using discounted utility theory. 21 It is plausible that smokers place a greater value on present consumption than nonsmokers. Individuals who forgo health investment activitiesFfor example, by smoking, making poor diet choice or choosing not to exercise regularlyFare doing so, because they place a lower value on future well-being.
The economic concept of time preference suggests that time discounting varies by individual and is applied consistently to all behaviors that involve consequences to present and future well-being. Individuals with relatively higher rates of time preference prefer utility from the present consumption over future consumption. Individuals with higher rates of time preference are considered to be present oriented, because they have a much greater discount rate on utility from future consumption than individuals with lower rates of time preference.
Both smoking and obesity can be viewed as choices that reflect a preference for the present utility. To the extent that obesity is the end result of choices that involve intertemporal consequences, for example, healthier or limited food consumption and allocating time and effort to physical activity, those who place little value on future consequences will consistently make health choices that favor the present. If so, higher rates of time preference will be associated with higher likelihood of obesity, all else being equal. Smoking requires a comparison of present satisfaction from nicotine and the pleasure of smoking to reduced expected longevity and life quality in later time periods. By choosing to smoke, an individual reveals a greater preference for present satisfaction.
If both smoking and obesity reveal a heavier rate of future discounting, the relation between smoking and obesity should theoretically be positive. However, numerous studies find that the net effect of smoking on BMI scores is negative. This implies that the non-time preference aspect of smoking (through cigarette /food substitution, metabolic influences of nicotine and so on) must outweigh the positive impact suggested by time preference theory. Figure 1 shows three main elements hypothesized to influence the BMI scoreFbehavioral/attitudinal factors, intertemporal (time preference) factors and sociodemographic characteristics. Time preference is captured through an index in which higher scores represent higher rates of future discounting. There is some overlap between the intertemporal and behavioral/attitudinal factors. Three of the variablesFsmoking, nutrition knowledge and exerciseFare included indirectly in the time preference index and included directly in the estimating model to account for their non-intertemporal influence on BMI.
The main variable of interest, smoking, is hypothesized to affect BMI both directly and indirectly, in opposing directions, resulting in the following hypotheses.
H 1 : Consistent with prior research, the relation between smoking and BMI will be negative. H 2 : The magnitude of the negative relation between smoking and BMI will increase when time preference is accounted for.
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Because smoking within the context of time preference is hypothesized to be positively related to BMI score, failing to account for the intertemporal (indirect) properties of smoking should produce results that underestimate the full magnitude of the negative non-intertemporal influence between smoking and BMI.
On the basis of these findings from previous research, it is expected that exercise, living in urban areas, living in the northeast or west, and being relatively knowledgeable about food will be inversely related to BMI. Also from previous empirical studies, hours of television watched, being black, Hispanic, male, living in rural areas, living in the south or midwest and noting price and taste as being very important are expected to be positively related to BMI.
Materials and methods
This study uses data from the United States Department of Agriculture's (USDA) Continuing Survey of Food Intakes by Individuals (CSFII) 1994-1996, as well as the Diet and Health Knowledge Survey (DHKS). Although more recent surveys of individual food intake are available, data contained within the DHKS (which provides proxy variables essential in estimating the time preference index) are not available through more recent data such as the National Health and Nutrition Examination Survey.
The CSFII is a nationally representative sample of all individuals living in the United States and uses a two-day dietary recall technique to collect information regarding the food and nutrient intakes of individual. The DHKS is a supplemental survey providing information on diet-related knowledge, attitudes and practices of American individuals over the age of 20 years. From the available sample of 5765 individuals, complete data regarding smoking status, attitudes, HEI scores and other control variables are available for 2970 individuals.
Body mass index is directly available from the CSFII data, and represents a weight-to-height ratio (weight in kilograms divided by the square of height in meters). For adult men and women, we categorize respondents whose BMI is 30 or greater as obese.
Variables used to predict BMI scores are categorized into three main factors: behavioral/attitudinal, intertemporal and sociodemographic. Behavioral/attitudinal variables include importance of price and taste of foods, hours of television viewed, smoking status, nutrition knowledge and exercise. The variables used to develop the composite measure of time preference are diet choice, vitamin use, education, nutrition panel use, importance of nutrition in foods, smoking status, frequency of exercise and nutrition knowledge. Sociodemograhic variables include region, income, age, urbanization, ethnicity, race and sex. Definitions of the variable measures are provided in Appendix A. Time preference, smoking, and BMI scores CA Robb et al variablesFsmoking, exercise and nutrition knowledgeFare included as behavioral influences on BMI and are also included in the time preference index, because they are hypothesized to have intertemporal aspects that indirectly (through the time preference index) influence BMI. Health investment variablesFexercise and nutrition knowledgeFare hypothesized to have an inverse relation with BMI when included in the empirical model both directly and indirectly (through the time preference index).
One's knowledge in nutrition may affect the ability to choose a healthy diet and maintain a healthy body weight. Dietary behavior may be further driven by attitudes regarding taste and price. Individuals who are most sensitive to price, least sensitive to the importance of nutrition and least knowledgeable about nutrition are hypothesized to have higher BMI scores. Previous studies have found that hours of television watched is positively related to BMI scores, 6 smoking has an inverse relation to BMI, 2, 5, 6 and the amount of regular exercise an individual chooses is hypothesized to have an inverse relation to BMI.
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Time preference index The rate of discounting future utilityFtime preference rateFis captured through a composite measure using information from eight variables with intertemporal components: diet choice, vitamin use, education, smoking status, exercise, nutritional knowledge, use of nutrition labels and importance of nutrition. Diet choice is proxied by an individual's HEI score. The HEI score assesses diet quality for each respondent from food consumption data in the CSFII. 18 An individual's HEI score consists of 10 components, each ranging from 0 to 10 possible points, resulting in a maximum HEI score of 100.
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Each of the eight variables used in the time preference index are coded, so that lower scores on each of the variables correspond with a lower rate of time preference (see Appendix A for measurement details). After coding, the eight variables are standardized using z-scores with each variable having a mean value of 0 and a standard deviation of 1. The standardized variables are averaged to create a composite measure to proxy for the latent variable of time preference rate. Time preference is hypothesized to have a positive relation with BMIFthat is, people with higher rates of time preference are hypothesized to have higher BMI scores.
Sociodemographic variables
Sociodemographic variables hypothesized to impact BMI are drawn from the prior literature. Male subjects have a greater likelihood of consuming less healthy diets than female subjects, suggesting that the utility cost of substituting healthy foods for unhealthy foods is higher for male subjects than for female subjects. 22 Age is categorized into four groupsFthose younger than 35 years, those between the ages of 35 and 54 years, those between the ages of 55 and 64years and those 65 years and olderFon the basis of physiological life stages that are believed to have an impact on metabolism and dietary preferences. 23 Race (black versus other) and ethnicity (Hispanic/nonHispanic) are included in the analysis to capture cultural differences in preferences, which can produce BMI variation. 6, 22 Region and urbanization are included to capture market differences and/or differences in regional diet-related tastes and preferences. Those living in the south, west and in rural areas may have a higher likelihood of consuming lower quality diets. 22 Healthier foods are often more expensive. 21 Individuals with lower incomes are more likely to be sensitive to price effects, and thus to prefer lower-cost diets that may lead to higher BMI scores.
The method of statistical analysis used is ordinary least squares regression performed using SAS 9.1.3 statistical software. Two separate regression models are included. To replicate previous studies and test both hypotheses for this study, the first regression estimates BMI without the time preference index. The second model includes the time preference index to estimate the magnitude of impact that smoking has on BMI and to determine whether there is evidence to suggest that the magnitude of non-intertemporal aspects of smoking has been underestimated because of the mitigating effect of time preference. For each regression model, the results provided include the parameter estimate or coefficient, the standardized b and the t-ratio (each statistically significant coefficient is denoted by *, ** or *** to indicate the level of statistical significance at 10, 5, and 1%, respectively. The standardized b provides an indication of the rank order (from low to high) of importance of each independent variable in explaining variation in the dependent variable. Larger t-ratios (estimated parameter/s.e.) are associated with higher levels of statistical significance (e.g., P-value of 10% ¼ t-ratio of 1.73; P-value of 5% ¼ t-ratio of 2.09; P-value of 1% ¼ t-ratio of 3.88, with 19 degrees of freedom).
Results
Descriptive statistics for the sample are presented in Table 1 . Of the 2970 individuals in the sample, the average BMI score is 27, and 20% are obese (BMI X30). The mean HEI score for the sample is 61, indicating the average respondent's diet is in need of improvement. The selected sample is predominantly white (84%) and male (59%), with an average age of 53 years.
Descriptive statistics indicate that 49% of respondents currently smoke and 47% exercise regularly. About 34% of those sampled use vitamins daily, 32% always use nutrition panels and 59% consider nutrition very important. On average, respondents have about 12 years of formal education, and score 8 out of 13 on questions about nutrition included in the DHKS.
Time preference, smoking, and BMI scores CA Robb et al Individuals were divided into quartiles based on time preference scores, generating four groups with 742 respondents each. Table 2 presents the descriptive statistics for two of these groupings, those classified as high time preference (the top quartile) versus those classified as low time preference (the bottom quartile). The high time preference sample has a higher percentage of obese individuals (22%) than the low time preference sample (15%). A larger proportion of respondents in the high time preference category are male (64 versus 47%), black (22 versus 4%) and Hispanic (10 versus 4%), and indicate price as being very important (50 versus 32%). Further, individuals in the high time preference sample tend to be younger (29% being o35, with a mean age of 46), from the south (38%), live in rural regions (26%) and watch TV more (3 versus 2 h).
Results from the ordinary least squares regression analyses are presented in Table 3 . In the first model, variation in BMI is explained without controlling for time preference. As hypothesized, the coefficient for the smoking variable is found to have a statistically significant, negative impact on BMI. Smokers have BMI scores that are 1.5 points lower than nonsmokers. Exercise has a similar impact on BMIFregular exercisers have lower BMI scores than respondents who do not engage in regular exercise. As hypothesized, a number of selected variables have a positive impact on BMI score. Each additional hour of television watched is associated with a Time preference, smoking, and BMI scores CA Robb et al quarter point increase in BMI. Being male, younger, living in the midwest, black, Hispanic in origin and noting price as very important are also associated with higher BMI scores. In contrast to the hypothesized effect, nutrition knowledge has a positive impact on BMI score, suggesting that BMI increases by one-tenth of a point for each additional point scored correctly on the nutrition knowledge scale. When the time preference index is added to the model, the independent impact of smoking on BMI is greater in magnitude (approximately 2 rather than 1.5 points). When a proxy of individual time preference is accounted for in the model, the impact of smoking on obesity is stronger than if time preference is not included. Time preference is the fourth strongest independent predictor of BMI, behind age, race and smoking, which remains the strongest predictor of BMI in both models.
For most of the selected independent variables, the addition of a measure of time preference has little impact on the direction or size of their effect. However, the effect of nutrition knowledge increases considerably with the inclusion of time preference (0.092 versus 0.205).
Conversely, once time preference is added to the model, the effect of exercise and being male is no longer statistically significant.
Discussion
This study models the intertemporal and non-intertemporal aspects of smoking to better understand the relation between smoking and BMI. As the act of smoking reveals a preference for the present at the expense of the future, it is not surprising that smokers also eat lower-quality diets and are less likely to exercise. The inclusion of time preference in the empirical model provides a more accurate estimate of the non-intertemporal influence of smoking on BMI.
Without accounting for time preference, the impact of smoking on BMI is consistent with prior literature (À1.53 points compared to a range from À1.45 to À1.85 BMI points in prior studies). 4, 5 The time preference index changes the estimated non-intertemporal impact of smoking on BMI to Those who smoke may reveal a preference for myopic (present oriented) behaviors. Smoking is an activity that may enhance utility in the present, but has well-documented negative health effects in the future. Diet choice and exercise also involve a comparison of future and present health consequences, and results from this study suggest that the non-intertemporal aspects of exercise (e.g., improving attractiveness in the present) are not significantly related to BMI, as the exercise variable loses statistical significance when included in a regression that accounts for time preference. This implies that once the temporal nature of exercise (health investment for the future) is accounted for, exercise is no longer a predictor of BMI. The relation between exercise and BMI can be explained primarily by the fact that those with a low time preference exercise more often.
The net effect of smoking is negative. However, these results suggest that smoking, isolated from its intertemporal aspect (which mitigates the negative impact of smoking on BMI) reduces BMI more than previously reported in the literature. Results from this study suggest that obesity rates could be expected to rise at an even greater magnitude than would have been previously predicted, if all smokers were to quit smoking.
Discounted utility theory assumes that smokers apply a high rate of future discounting in all intertemporal behaviors, including those related to obesity such as diet choice and exercise. If these same smokers were to quit, assuming their rate of time preference does not change, their predicted BMI scores would be much higher than their low time preference counterparts. Results from smoking cessation studies are broadly consistent with this hypothesis. For example, time preference proxies such as alcohol consumption increase the postcessation likelihood of obesity by 40%. 24 In addition, those who may have smoked when smoking was more prevalent are more likely to be obese in a period when fewer people smoke. Changes in obesity rates will follow a decline in smoking rates, if those who quit and those who would have been most likely to smoke reach their predicted BMI. Empirical observations of weight gain following smoking cessation suggest that approximately 1/6 of the prevalence of obesity in the United States during the 1980s may be attributed to a decline in smoking rates. 25 As the data from this study were collected, the prevalence of smoking in the United States fell from 24.7% in 1995 to 20.8% in 2005, whereas obesity rates have increased from 23.3% in the 1988-1994 National Health and Nutrition Examination Survey to 32.1% in the 2001-2004 survey. It is especially important that public health efforts to reduce the incidence of smoking recognize the risk of increased body mass. Without efforts to encourage behaviors that moderate body mass, any decrease in rates of smoking will not unambiguously lead to public health benefits.
Discounted utility theory provides a useful foundation for interpreting embedded effects of variables with temporal and nontemporal aspects to better understand their interrelation and impact on behaviors that have consequences across time. Findings from this study indicate that research using any variable with temporal/nontemporal components to predict variation in BMI scores should have time preference accounted for in the empirical model to produce more accurate estimates.
